Abstract. The support CeO 2 was prepared by thermal decomposition method, and the Cu-Co-Ce-O catalysts were synthesized via impregnation method. The prepared catalysts were characterized by X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FT-IR) techniques, and their catalytic properties for low-temperature CO oxidation were evaluated by using a microreactor-GC system. The results showed that the Co/Ce atomic ratio has great effect on the activities of catalysts, and the catalyst with Co/Ce = 1 has the highest catalytic activity for CO total oxidation at 90 o C.
Introduction
Carbon monoxide, which is emitted from many industrial and transportation activities, is one of the major air pollutants that are harmful to human health and the environment. In order to control the toxic emission, catalytic oxidation of CO is an efficient way. Recently, lots of catalysts have been investigated, in which precious metal catalysts such as Pd/SnO 2 , Au/MnO x , Au/α-Fe 2 O 3 , Pt/SnO 2 and Au/SnO 2 have been demonstrated to be very effective [1] [2] [3] . However, their extensive adoption is discouraged by their high cost and limited availability. Much attention has thus recently been paid to base metal as catalysts, for both their excellent performances in CO oxidation and low cost.
Cerium dioxide is of interest for its applications such as three-way catalysts for automotive exhaust gas treatment. CeO 2 supported precious metal and CuO catalysts have been used for carbon monoxide oxidation [4] [5] [6] . Recently, Ce-containing mixed oxides, such as CeO 2 -ZrO 2 , CeO 2 -CoO, and CeO 2 -TiO 2 have been proposed as oxidation catalysts [7] [8] [9] [10] . However, the doping of ceria with other elements did not always enhance the activity of CuO/CeO 2 catalysts in catalytic oxidation. Wu et al. [10] prepared CuO/Ce 1-x Ti x O 2 by a sol-gel impregnation method and studied its catalytic activity for the preferential oxidation of CO in H 2 -rich streams. The catalyst with a composition of CuO/Ce 0.8 Ti 0.2 O 2 exhibited the highest activity. Our previous studies [7] found that incorporating zirconium into CeO 2 could improve the oxygen storage capacity, redox properties and thermal resistance of the resulting mixed oxides. The mesoporous CuO/Ce 0.8 Zr 0.2 O 2 nanocatalysts exhibited the highest catalytic activity for low temperature CO oxidation (total oxidation of CO at 90 o C). In recent years, it has been found that the incorporating of cobalt can improve CO oxidation activities of Pt/SiO 2 and Au/SiO 2 catalysts [11, 12] . In the previous work [9] , we have synthesized Cu-Co-Ce-O catalysts by the co-precipitation method and found that which show high catalytic activities for low-temperature CO oxidation for CO total oxidation at 75 o C. Thus, it seems reasonable to devolop a Ceria-based catalyst doped with copper and cobalt, which would have either high activity for low-temperature CO oxidation or high thermal stability.
In this paper, we report the thermal decomposition method prepared of CeO 2 support, and the impregnation method prepared of Cu-Co-Ce-O catalysts. The low-temperature carbon monoxide oxidation activities of the as-prepared catalysts were systematically investigated. The analysis results presented that when x = 0.4, 0.5, 0.6, 0.8, the cubic spinel structure typical of Cu .One milligram of each powder sample was diluted with 100 mg of potassium bromide (KBr) powder.
Catalytic oxidation of CO. Catalytic activity tests of the prepared CuO/Ce x Sn 1-x O 2 catlysts were performed in a continuous-flow fixed-bed microreactor. A stainless steel tube with an inner diameter of 7 mm was chosen as reactor tube. About 200 mg of catalyst power was placed into the tube. The reaction gas mixture consisting of 10 vol% CO balanced with air was passed through the catalyst bed at a total flow rate of 36.6 mL/min. A typical weight hourly space velocity (WHSV) was 11000 mL/h/g. After 30 min reaction, the effluent gases were analyzed online with a GC-900A gas chromatograph equipped with a TCD. The activity is expressed as the conversion of CO. catalysts show much higher catalytic activity. It can be also seen that the Co/Ce ratio have larger effect on catalytic activity of the as-prepared catalysts. When Co/Ce ratio = 1, the catalyst exhibits the highest catalytic activity on CO oxidation with CO total conversion at 90 ºC. The Co/Ce atomic ratio of less than 1 catalyst show higher activity than that of the Co/Ce atomic ratio catalyst.
Results and Discussion

Conclusions
In summary, we have presented a facile route to prepare the CeO 2 and Cu-Co-Ce-O catalysts by a impregnation method. The XRD analysis results presented that when x = 0.4, 0.5, 0.6, 0.8, the cubic spinel structure typical of Cu 0.76 Co 2.24 O 4 was formation. When x = 0.6, 0.8, CuO was partially formation Cu 0.76 Co 2.24 O 4 in these two samples, some CuO was dispersed on the surface of CeO 2 . Due to synergetic effects, the incorporation of Co into CeO 2 in the Cu-Co-Ce-O catalysts promoted the CO oxidation activity and the Cu 0.1 Co 0.5 Ce 5 catalyst was the most active for CO total oxidation at 90 o C. And, we will further study the effect of calcination temoerature and CuO content on the activity of Cu-Co-Ce-O catalysts for low-temperature CO oxidaiton.
